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CHAPTER I -~ INTRODUCTION

A. REQUIREMENTS.

The Department's Rules and Regulations for Sewerage Systems and Treatment
Works require the approval of design reports, plans and specifications by the
Department prior to construction of such systems.

Arizona State Regulation R9-8-314.A. requires that an application to construct
severage systems, sewerage system extensions, waste treatment works or any
process or equipment in whole or in part be submitted at least thirty (30) days
prior te the data of approval is desired. It also requires that engineering
design reports, drawings, specifications, and other additional supporting data
required by the Department accompany such application.

B. PURPOSE OF BULLETIN.

The purpose of this engineering Bulletin is two fold.
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1. Minimum Standards - This Bulletin is se:
for the design of sewerage systems and

g r

works and is a compilation of the latest design criteria and practices
in the sanitary engineering profession.

This Bulletin will not address septic tank sysieme as a means of
wvastewater treatment. Septic tanks shall be designed irn accordance with
Engineering Bulletin No. 12. Wnhere flows approach 20,000 gallons per
day, consideration should be giver to design of wastewater treat-
ment methods other thar septic tanks.

The Department may &af its dis
recommended criteria based upen s
the criteria ic restrictive and i
under review.

2. Original Design - This Bulletin has bpeen designed to serve as a guide-
line for the evaluation of an original design as detailed in Chapter I1II.
Original design is defined as a newly developed or unique combination
of existing processes.

Approval of any original design will be on an experimental basis
only. It will be at the discretion of the Department as to when the
experimental status will be removed. Each new process will be
evaluated upon its conformance with pvhysical and biological principles;
and upon its performance under full load field condirionms. ’

3. This Bulletin applies to existing systems being expanded, modified, up-
graded, rehabilitated, and tc construction of new facilities. Where a
health hazard, a public wmenace, or ~perating difficulties occur at, or



because of existing facilities, this engineering Bulletin should be -
used to evaluate the acceptability of that system to properly operate
and meet applicable engineering standards.

4, This Bulletin is not to be used as a construction specification.

C. GENERAL SUBMISSION OF PLANS, SPECIFICATIONS, AND REPORTS.

1. General Requirements - All information submitted to the Department for
reviev shall be in such detail as to permit a comprehensive evaluation
to assure compliance with the requirements of the Department.

a. Plan Documents - Any plan documents prepared for sewerage and/or
wastewater treatment facilities construction shall be submitted
to the Department at least 30 days prior to the date upon which
action is desired.

b. Engineer's Report.

1) Preliminary Design Reports - Where the Engineer or his client
deem a preliminary design report necessary, the report shall be
prepared presenting the following information:

a) Sewerage System.

(1)

(2)

(3

(4)

(3)

(6)

Present area served, as well as future areas to be
served, population data should accompany area analysis.

Existing and final terrain data in sufficient detail
to establish general topographical features of present
and future service areas.

Soil characteristics shall be outlined in the report.
An indication eof any unusual soil or foundation condi-
tions at the location of &ll sewerage structures shall
be given. The report shall also show the extent of the
soil investigation, the location of all borings and
sampling areas with a detailed report of the findings.
Methods of dealing with special comstruction problems
shall be discussed.

Location of existing sewer lines, lift stations, future
sewer lines and 1ift stations in a layocut form.

Discussion of the waste characteristics and volumes of
industrial and commercial areas, present and future.

Discussion of the estimated volumes of domestic sewage,
infiltration, etec., that the sewverage system is hand-
ling and will be required to handle for the design
period.



2)

b) Wastewater Treatment Works.

(1) Plant location, plant site plan, a description of the
surrounding areas including a map of the area shall be
included. Particular reference shall be made to the
proximity of present and future developments, wells,
streams, lakes, water plants, industrial sites, and
other areas which will be affected environmentally by
the plant. Discussion of the various sites available
and the advantages of the final selection shall be
outlined.

(2) Quantity and quality of domestic waste flows present
and future. Field investigation reports shall accomp-
any the preliminary reports to substantiate the waste
flow characteristics.

(3) Quantity and quality of industrial and commercial
wastes present and future., Field investigation reports
shall accompany the preliminary reports to substantiate
the waste flow characteristics.

(4) Maximum, average, and minimum domestic and industrial
design flows being considered.

(5) Present and discuss treatment alternatives, environmental
impacts, and reasons for selection of alternative.

(6) Present and discuss environmental impacts of the project
during and after construction, including short- and
long-term effects on the environment. The level of
detail of the discussion should be sufficient to ade-
quately address the short- and long-term impacts. Most
generally, a brief synoptic approach will be sufficient.
Certain projects may require in-~depth research. 1In all
cases, the latest Federal Register related to Environmental
Impact Statements should be used as a guildeline.

(7) Description of basic flow sheet of selected process with
design criteria and flow diagram.

(8) The means of grit, grease, screenings, and sludge utili-
zation and disposal shall be discussed in detail.

(9) The means of effluent utilization and disposal shall be
discussed in detail. If discharge will require a dis-
charge permit, analysis of the downstream use shall be
included in the report.

Final Design Report - A final engineering design report shall be
included with the final plans and specifications. The final

report shall include the information set forth in the preliminary
report with refinements dictated by design. Additional information
required is as follows:



a) Sewerage Sy::iem.

(1)

(2)

(3)

(4)

Design calculations for each sewer showing present and
future flows with minimum velocities, and maximum
velocities."

Capability of existing interceptors to carry present
and future flows.

Design calculations for all sewage lift stations includ-
ing wet well sizing.

Location of any bypasses and a detailed analysis of
their anticipated use.

A time schedule of construction, lift station startup,
and lift station operation and maintenance manual sub-
mittal.

b) Wastewater Treatment Works.

(1)

(2)

(3)

A detailed analysis of the method of treatment and its
efficiency and ability to meet discharge requirements.

Design calculations showing size and capacity of each
unit or component part in relation to the design criteria
contained in this Bulletin. The calculations should

show retention times, surface loadings, weir loadings,
sludge return pump sizing, sludge wasting pumping rates,
and any other pertinent information regarding plant
design.

The means of grit, grease, screenings, and sludge utili-
zation and disposal shall be discussed in detail, ac-
companied by the necessary design calculations. ’

Design calculations for effluent disposal if other than
direct discharge to a navigable waterway.

A time schedule ‘for completion of operation and mainten-
ance manual submittal, plant construction and plant
startup.

Detailed Plans - Minimum requirements of the plans are set forth in
Chapter IV, Chapter V, and Chapter VI.

Plans relative to the modifications or extensions to existing
systems shall indicate clearly the connections or relation thereto.
If plans of the existing system are not on file with the Department,
submissioa of as~built plans of the existing system or treatment
works 1s required.



An as-built schematic of the collection system should be submitted,
including approximate locations of all lines, line sizes, and inverts
for major collection points. All lift stations and other special
appurtenances and structures should be detailed sufficiently to deter-
mine their effects on the system. - Plans of the existing treatment
plant and effluent disposal system should be submitted which show the
location and size of structures, equipment and piping; the hydraulic
profile; and existing flow diagram in sufficient detail to determine
their effects on the treatment plant.

Specification - Complete detailed specifications for the construction
of sewer system., wastewater treatment works, and their appurtenances,
shall accompany the plans.

The specifications should include:

1) Contract Documents

2) General Conditions

3) Supplemental Conditions
4) Technical Specifications
5) Standard Details

6) Applicable Addenda

Engineer's Seal - All plan documents for sewers and/or wastewater
treatment works shall be prepared by a registered professional
Engineer, licensed in the State of Arizona under provisions of ARS
32:141-145.

The necessary professional seal shall be legibly affixed to the
plan documents.

Revision of Approved Plans - Any deviations from approved plans or
specifications adversely affecting the capacity, flow or operation
of units must be approved in writing by the Department before such
changes are made. Plans or specifications sc revised shall be sub-
mitted a minimum of 30 days prior to the construction work which
will be affected by such changes to permit sufficient time for
review and approval before construction.

Special consideration will be given to emergency field conditions.
Waiver of the written approval and 30-day requirement will bz at
the discretion of the Department.

Structural revisions or other minor changes, not affecting
capacities, flows or operation, will be permitted during construction
without approval.

As-built plans clearly showing all alterations shall be placed
on file with the department after the completion of the work.



State Approval - In addition to the plans, specifications, and Engineer's
reports, the submittal must be accompanied with the pertinent forms
requesting approval. The following forms are a minimum requirement for
each submittal.

a. Subdivision.

1) Application for approval of sanitary facilities for subdivisions.
2) Application for approval to construct water and/or wastewater

facilities.
b. Trailer Coach Park.

1) Application for approval of a trailer coach park.
2) Application for approval to construct water and/or wastewater

facilicies.
c. Sewerage and/or Wastewater Treatment Project.

1) Application for approval to construct water and/or wastewater
facilities.

Each application shall be submitted in duplicate with four (%) copies of
the plans and specifications and one (1) copy of the Engineer's report.

Other Approval - All phases of each project shall be co-ordinated with
other agencies requiring review and approval.

Certain counties act as the review and enforcement arm of the Deparc-
ment. The Department has a current listing of delegated agencies and
should be contacted for this list.

Approval to Operate - Two weeks prior to or the time differential between
the preconstruction conference and commencement of construction, which-
ever is shorter, notice shall be given to the Department that the work
will commence.

Two weeks prior to completion of project comstruction, the Department
shall be notified for a final inspection by the Department. Upon satis-
fying the requirements of the final inspection, the Department shall
issue an approval to operate. Operation of the constructed facility
shall not commence until the approval to operate is issued to the Owner.

Rehabilitation and upgrading of facilities may require special pricr
arrangements with the Departmént in achieving the Certificate of Approval
to Operate. Owners desiring an interim approval to operate for system

'shakedown shall request such in writing fourteen days prior to system

starcup.

‘NPDES Discharge Permit - Facilities which will discharge treated efflu-

ent into waters of the United States within the State are required to
obtain a discharge permit by EPA. Forms for discharge permits may be
obtained through the Department.



D. GRANTING EXCEPTION TO BULLETIN.

Persons requesting exceptions to the requirements of this Bulletin must do
so in writing. An exception can be granted to portions of this Bulletin pro-
vided that the exact nature of the proposed differences be noted either in a
letter or in the Engineer's Report. The justification and burden of proof for
the proposed deviation is the responsibilicty of the applicant and his Enginewr.
If an exception to a design standard is requested, the request shall be ac-
companied by scientific justification, including computations, and practical
data and experience on similar installations.

Exceptions will not be granted on items which ure a State Regulation. The
Department will grant exceptions at its discretion. Each exception wiil be

reviewed individually. Granting of an exception does not nullify the establishe

criteria of this Bulletin or provide a blanket approval to neglect the recom-
nended design standard.

H
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CHAPTER II - EFFLUENT QUALITY REQUIREMENTS

The selection of 4 Sewage treatment Process used in treating vastewater jg
dictuted by, ameng other criteria, the effluent quality required ar discharge or
for reuse. The Engineer shoylg carefully review al} applicable standards and

A. STREAM DISCHARGE REQUIREMENTS.

A sewage treatment planc~discharging to a navigable water of the Stare of
Arizona shall pe designed o ®eet the effluent limitation requirementcs estab-
lished in and by:

NPDES -~ The National Pollutane Discharge Elimination'Sys:em eéstablished
by PL-92-300 ang administered by the Environmencrz: Procection-Agency has
set discharge Tequiremencs in €ach state. The Department saculd be cop-
tacted for these discharge standards prior ro final process selection.
The Engineer shall use these Standards in process selection to assure the

fy]
.

2. Arizona Water Quality Standards - The Department's Rules ang Regulations
R9-21, entitled, "Warer Quality Standards for Surface Waters," provide a
detailed water quality standard for all surface waters of the State. The
Engineer shal} use these standards in process selection to assure the
Department rhat the effluent discharge will nos degrade the qualicy of
the accepting stream, :

Figure II - 1 ang Table II -~ 1 show and list screag segments which
g=nerally require Special investigarion of the affecrs of the efflyent
°n the water quality of the Teceiving stream. The Engineer shoulg ~on=
tact the Departmen:t for the eéstablished warer qualiry limitarions il
is loczted vithin one of these Segments.

3. Basin Plan - The Engineer shall refer to the appropriare basin plan to
c f the selected process with the established basin
iteria. :
4. 208 Pian - The Engineer shall refer o the épproprizte 208 Plan to
assure compliznce wirh the 208 Tequirements and criteria.

lary Areas - Certain areas of the State have been designated as
Ttiary areas (areas fequiring z minimum of tertiary trearmen: before
e{fluent discharge). Table II - 2 shows a2 list of surface vaters of
izona and the effluent limizations of these waters.

e
-

>
H

The Engineer shall investigate the nead for @eeting tertiary trear-
2ent requirements before final Process selection.

5. Continuing Planning Process - The CPP is a2 document published by the De- -
ftment which gives input into furure recomended efflyen: limitacion
olicies. Thi i

s documen: is avaiiable fromtheDepartmen: and shall pe
gineer in process selection (present and furur

II -1
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Figure I - 1

State of Arizona Water Quality Segments
and River Basin Planning Areas.
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Water Quality Segment Descripts

M wmo'w Creek and Tributaries

(2) Verde River from Sullivan Lake
to Clarkdale

{3) Verde River Clarkdale to mouth
of QCak Creek

{4) Oak Creek and tributaries to .
headwaters

(5) Verde River from Oazk Creek to
Camp Verde

(6) Verde River from Camp Verde
to Bartlett Dam

(12) Salt River and lakes, and
tributaries from Verde River
to bheadwaters

.(10) Little Colorado River and
tributaries above Springerville

{17) Nutricso Creek

{S) Show Low.Creek and tributaries
to headwaters

{(8) Silver Creek
(7) Rio De Flag
{14} Colorado River from Imperial
Dam to Southerly lnternatxonaf
Boundary
(i3} San Francisco River and
tributaries from headwaters
o just below Luna Lake

(15} Sabino Creek

River Basin
Planning Area
Verde
Verde

Yerde
Yerde

Verde

Yerde

Salt

Little Colorado

Little Colorado

Licle Colorado
Little Colorado

Little Colorado

Colorado Main Stem

Upper Gila

Santa Cruz

Table O - 1.

COG

Region

1,3,5

1.3,8

3, 6

3,6

State of Arizona Water Quality Segments - Refefence

Figure I - 1
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7. Other Local Conditions - Other local conditions may require more string-
ent effluent limizarions to protect the health and welfare of .the public
and to minimize and/or abate adverse impact of the beneficial use of the
stream accepting discharge. The Engineer shall investigate all other
conditions and base his final process selection upon these findings.

The Engineer shall analyze all documents and materials related to each
effluent limitationm entity listed above and shall select the proper
process necessary to meet the most stringent limitations.

B. NON-STREAM DISCHARGE.

Effluent streams which are not discharged to the State's surface waters are
generally reused or held in evaporation ponds or percolation ponds. The Depart-
ment's Rules and Regulations R9-20 give effluent limitacions for effluént reuse.
The Regulation is summarized in Section P and Q of Chapter VII of cthis Bulletin.
The Engineer shall make final Process selection to meet these effluent limitations.
In zddicion, precautions shall be taken to provide effluent quality which will '
not be detrimental to ground water quality and its present and future use.

C. MONITORING REQUIREMENTS.

The need for effluent quality standards necessitates the requirement of
monitor wastewater treatment works. Each plant should monitor plant operation
characteristics, as well as effluent characteristics, to assist in plant operation
decisions and te assure the Department thart effluent quality standards are being
" met. The sampling and analysis records should be kept on file at the facilicy
for review by the Department during periodic inspecticns.

1. Plant Performance Monitoring.

a. Stream Discharge - Public Law 92-500 established the requirement for
plants to monitor specified effluent characteristics lisced on each
discharge permit issued. ’
Chapter VIII of this Bullezin orovides information regarding the

appropriate testing needed to ass.-= compliance with EPA requirsments.

b. XNon-Stream Discharge - The discharge standards previously outlined in
this Chapter have been established by the State of Arizona as minimum
standards. Each plant that is reusing effluent as defined in this
Bulletin will be required to monitor effluent to assure compliance
vith these standards.

Chapter VIII of this Bulletin provides informaticn regarding the
appropriate testing needed in the monitoring process.

2. Operation and Maintenance Control Monitoring - To assure compliance with
effluent standards ic is recommended that an in-plant monitoring prcgram
be established. Onmnset of cperational problems will be detacred more
easily and corrective actions can be taken before discharge violations
occur through an in-plant monitoring program.



& plant operation and maintenance log should be set up with the para-
meters listed in Chapter VIII being an integral part of the log entry.
In addition, hydraulic parameters of the plant Process should be logged

with unexpected operational interruptions or problems noted and explained
as they occur. :

IT -6
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- CHAPTER III - ORIGINAL DESIGN

A. INTRODUCTION.

Newly developed wastewater treatment processes shall be evaluated by the
Department prior to issuance of Approval to Construct. In all cases, these
processes will be given a temporary approval contingent upon demonstrating
mathematically and with pilot plant test data that the process will operate in
a manner suitable to meet discharge standards. Only one temporary approval per
process may be allowed until the process proves by field performance that dis-
charge requirements and effluent standards will be met consistantly and until
operation and maintenance and educational level requirements can be established.

This Chapter sets forth principles which will provide a basis for evaluation.

B. CRITERIA FOR EVALUATING DESIGN.

1. Pilot Plant Testing with Data ~ All requests for approval of new processes
shall be accompanied with data from pilot plant studies that have been
conducted over a sufficient time frame to exhibit minimal operational
problems with consistent results. The data shall present results related
to seasonal variations, flow variations, temperature variations, and
shall include all other variations which will cause changes in treatment
efficiency and characteristics. The data shall be presented in report
form and shall be in sufficient detail for the Department's evaluation
and analysis. Detailed descriptions of test equipment, testing proced-
ures, and methods of chemical analysis shall be discussed in the report.

All new processes and test results will be protected by a non=-disclosure
agreement between the Department and the process developer.

2. Hydraulic Principles - All processes should be based upon sound hydraulic
principles including but not limited to:

a. Principles of conservation of mass. The conservation of mass principle
states that matter can neither be -created nor destroyed. Hydraulically,
this principle translates to a hydraulic mass balance, i.e.,

Qin N Qout

b. rinciples of Conservation of Energy - The principle of conservation
of energy states that energy cannot be lost, though it may be converted
to other forms. In a hydraulic system, then, the sum of-all energies
(kinetic, pressure, and elevation) is a constant.

¢c. Principles of Impulse-Momentum - The law of momentum conservation
states that momentum may not be lost in a hydraulic system, although
some of it may be converted into impulse forces.

d. Principles of Liquid-Solid Separation - If the process involves separ-

ation of the liquid and solids, then this portion of the process will
be evaluated using the following:

II1 -1



1) Gravity Process.
a) Stokes Law of discrete particle settling
b) Hindered settling principles :

2) Prgssure or Vacuum Process.

a) Poiseville's Law for the flow of fluids through capillary
tubes or the Darcy modified scheme.

Physical Principles - Certain portions of newly developed processes may
involve principles of physics such as sound, electromagnetic fields. heat
transfer and exchange, etc. 1In such instances the process development
report shall clearly indicate the physical principle upon which that
portion is based and provide data with calculations substantiating cor-
relation with physical laws.

Chemical Principles.

a. Biochemistry - Applicable new processes shall be evaluated using
principles of biochemistry. 1Included in the evaluation should be a
mass and energy balance of the proposed process, as well as a des-
cription of the basic biochemistry.

Since biological science provides the basis of design, other
factors shall be presented for evaluation which should include but
not be limited to:

1) Reaction Rinetics - Rates of reaction of the biological process
and their change with temperature. In the reaction rate tempera-
ture equation

K
2 -
= =6 (T; = T
1

6 shall be evaluatred and substantiated.

2) Growth Kinetiecs ~ The substrate removal rate as a function of
substrate concentration and biological growth as =z functionm of
the food to microorganism ratio, or wvariations thereof, shall be
discussed clearly and concisely with sufficient data to substan-
tiate process kinetics.

b. Physical Chemistry ~ Portions of the process may be governed by laws
or principles of physical chemistry.

1) Adsorption - Adsorption equilibria should be discussed and defined
in terms of Langmuir, BET, or Freudlich equations. Factors
affecting the design and operation should be presented, such as
pH, temperature, chemical interferences, reaction rate limitations,
etc.

III - 2



2)

3)

4)

3)

Ion Exchange - Ion exchange equilibria should be discussed in
terms of exchange chemistry, ion selectivity, and exchange iso-
therms (Langmuir or Freudlich equations). Factors affecting
the design and operation should be presented such as pH, temper-
ature, chemical interferences, etc,

Membrane Processes - Membrane processes should be discussed in
terms of chemical selectivity, mewmbrane permeation, principal
driving force and the principles of physical chemistry. Factors
affecting the design and operation should be presented such as
pH, temperature, etc.

Gas Transfer - Where portions of the process use gas transfer

(0,, N,, etc.), the system shall be discussed in terms of Henry's
law, Dalton's law, solubility principles, and rate of gas transfer.
Temperature, pH, salinity, and other factors affecting the design
and operation should be presented with data.

Chemical Oxidation - Where chemical oxidation processes are
recommended, the evaluation will be based upon principles of
chemistry. Stoichiometric discusaions should be presented giving
data showing the oxidation reduction equations, concentrations of
reactants, temperature affects, role of impurities, role of pH,
catalysts with dosages, retention times of reaction vessels, and
other data necessary to design and operate the process.

In the preceding discussion, it is acknowledged that the principles involved
in physical chemistry and biochemistry intermesh in major areas of thermodynamics,
reaction kinetics, etc. However, for purposes of simplicity the evaluation cri-
teria have been categorized as presented.

The process whose basis for evaluation has not been preseanted in this Chapter
will be analyzed in terms of the basic applicable principles of physics and/or

chemistry.
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CHAPTER IV - SEWERAGE COLLECTION SYSTEMS

A. INTRODUCTION.

This Chapter sets forth minimum standards for design and construction of sewer
lines. The engineer should take every precaution to assure that pipe sizes and
alignment will provide the necessary scouring velocities to give minimum sewer
line maintenance. In addition, he is encouraged to recommend that the owner
purchase, rent, or lease sewer service equipment. and that he establish a set
preventive maintenance schedule.

The standards presented hereafter are established from general engineering
experience and from general principles of open channel hvdraulics. Imaginative
designs based upon the general principles of open channel flow will be reviewed
by the Department provided sufficient detailed analysis is presenred to the Depart-
ment in fulfillment of the requirements of Chapter I.

B. OSEWERAGE COLLECTION SYSTEMS - GENERAL.

1. 1In general, sewer lines should be designed for the estimaced population
that will be contributary - present and future. Adequate allowance should
be provided for infiltration, institutional, and induscrizl flows. Actual
field flow measurements will be acceptable as a basis of design, provided
that flow measurements are taken at representative pecints for specific
areas of the system, i.e., high density industrial, commercial, low
density industrizl, residential, etc.

2. Pipe Selection - In selecting pipe materiazl for sewers, considerztion
should be given to the chemical characreristics of the wastewater (espe-
cially in industrial waste flow areas), the possibility of septicity,
exclusion of infiltration, external and internal pressures, abrasion and
similar problems encounterad with the established grades.

All tyvpes of pipe materials used in design shall have established
ASTM, ANSI, or NSF standards of manufacture or seals of approval and
shall be designated for use as sewer pipe. -

3. Jointing Material - The materials used and methods proposed in making
joints shall be included in the Specifications. Materials used for
sewer joints shall have an established record for preventing infiltration
and root entrance.

Water tightness of sewers and manholes shall be determined by one of
three methods:

a. Infiltration testing
b. Exfiltration testing
c. Low pressure air testing

The testing shall be performed prior to the sewers being placed in
service and shall be administered on at least 20 per cent of the totzal
project footage, unless additionzl tests are required by the design
Engineer or the Department.

IV - 1



The testing shall be administered using the shortest length of line
that is practical. All lines shall be cleaned before placing in service
to remove extraneous material. It is also recommended that the sewers
be examined by television or other methods to assure proper construction.

Suitable waterstops shall be provided at all manhole seams.

All test results shall be made available for review by the Department
prior to project acceptance.

Sewer lines installed in areas where the pipe is subject to high
ground water infiltration shall be tested using direct flow measurements
in each specified reach of pipe.

a. Infiltration Testing - The totzl infiltration shall not exceed 200
gallons per day per inch diameter per mile of pipe. If the quantiry
of infilrration exceeds the maximum quantity specified, immediate

action shall be taken to reduce infiltration to within the specified

limits.
Diameter Infiltration Diameter Infiltration
of Sewer Gals/hr/100 ft. of Sewer Gals/hr/100 ft.

8 1.26 54 8.51

10 1.57 60 9.45

12 1.89 66 10.39

15 2.36 72 11.34

18 2.83 78 12.29

21 3.31 84 13.23

24 3.78 90 14.17

27 4.25 96 15.12

30 4.73 102 16.07

36 5.67 - 108 17.01

42 6.6 114 17.95

48 7.56 120 18.90

Allowable M. H. Infiltration — 0.1 gallons per hour per vert. ft

Allowable Limits of Infiltration
200 Gal/Inch Dia/Mi/Day

v -
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Low Pressure Air Testing - Low pressure air testing shall
to pipes less than 30 inches in diamecer.

1) Test Procedure:

a)

b)

c)

d)

e)

rn
~

Clean and wet the line to be rested.

Plug all pipe outlets with suitable
brace each plug.

Add air slowly to the portion of the pipe installiation under
test until the incternal air pressure is raised o 4.0 osiz.
Check exposed pipe and plugs for lezkage by coating with a
soap solution. 1If any failures are cbserved, blaed off ai:
and make necessary repairs.

After an internal pressure of 4.0 Psigz is cbtained, allow az
least two minuces for intermal air tezperature -o staebilize,
adding only the amount aof air required te maintain pressurs

After che two zinute period, discomn2ct =he air supply.

sure to
tize must
tion tige
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of pipe included and read values for C and K directly from
the corresponding Scales.

For test section lengths not falling within the limits
of Scale L, calculate C and K from the formulas at the bottom
of the nomograpnh.

Add C's and add X's

If the total of C's is 1.0 or greater, the sum of K's
equals the minimum test duration in seconds.

If the total of C's is less than 1.0, divide the sum of
K's by the sum of C's. The quotient is the minimum test
duration in seconds.

Exfiltration Testing - In areas where the sewer is not located in
natural ground water table, exfiltration tests or low pressure air
tests shall be used to give an indication of sewer tightness.

1

2)

3)

£)

The exfiltration test should be conducted as follows:
Plug sewer at lower end of section to be tested.

lug the highest end of the sewer

t e tested. The sewer plug
shall have a suitable zir vent to s

o b
llow trapped air removal.
Place a calibrated container at the average height of four (4)
feet above the flow line of the sewer. Check the system for
leaks in hoses, plugs, calibrated contain 1ers, etc. while filling
through a positive shut-off valve. After fil ing the sewer,
allow one hour for absorption of water and refill sewer line.
When the water overflows the calibrated container, close the in-
put valve and begin the test.

“

L
£
I

ne

Record tr
the

culate

o

lapsed time to empty the container of water and cal-
oss rate (gal/hr.).

Diameter of Sewer Gals/Hr/100 ft. Diameter of Sewer Gals/Hr/100 ft.

8 1.26 18 2.83
10 1.57 21 3.31
12 1.89 24 3.78
15 2.36 27 4.25

Allowable Limits of Exfiltration
200 Gal/Inch Dia/Mi/Day @ (4 ft. head)

Exfiltration from manholes shall be limited to 0. 1 galions per

hour per vert. foot.




Protecting Public Water Supply - Caution should be taken in design and
construction to protect all water supplies from waste water contamination.

The Department has adopted regulations prohibiting cross connections.

To minimize the potential of cross contamination. the Engineer shall
design the horizontal and vertical separation of water and sewer lines
as follows:

a.

Horizontal - When water lines and sewers are laid parallel to each
other, the horizontal distance between them shall not be less than

six (6) feet. Each line shall be laid on undisturbed or bedded material
in a separate trench. Where conditions prevent the minimum horizonrtal
separation set forth above, or where both lines are in the same trench,
both the water line and sewer shall be constructed of mechanical jeoint
cast iron pipe. or other approved pipe, which is prassure tested to
assure water tightness before backfilling. In such instances, a com-
plete description of the circumstances and details of the proposed
construction shzll be attached to the plans submitted to the Department.

Vertical - When a sewer crosses two (2) feet or more below a water
line, no extra protection is required. When a sewer crosses less than
two (2) feet below a water line, the sewer shall be comstructed of
cast iron pipe with leaded or mechanical joints, or other approved
pipe, for at least six (6) feet in both directions from the crossing,
or the sewer shall be encased in concrete of 6-inch minimum thickness
for the same distance. When a water line must cross under a sewer,

a vertical separation of at least 18 inches between the bottom of the
sewer and the top of the water line shall be maintained with support
provided for the sewer to prevent settling. The sewer shall be
constructed of cast iron pipe with leaded or mechanical joints. or
other approved pipe at least six (6) feet in both directions from

the crossing, or the sewer shall be encased in concrete of 6-inch
minimum thickness for the same distance.

No water pipe shall pass through or come into contact with any part
of the sewer manhole.

C. CAPACITIES.

future flows:

(1)

(2)
(3)

Maximum rate of flow of domestic sewage for the entire service arez
for a specified time period.

Infiltration that is allowed for the entire service area.

Anticipated flow rates from commercial and industrizl areas.

Design Period - Design periods should be chosen carefully and consider
the following:

IV - 6



a. Useful life of the equipment and its component structures, taking
into account obsolescence and wear and tear.

b. The ease, or difficulty, of expanding or relocating the .system.

c. The anticipated population rate increase including commercial and
industrial contributions.

d. The present rate of interest on accrued bond indebtedness.

e. Inflation and escalation of mazerial and labor during the period of
indebtedness.

f. The ability of the system to function properly at present flows after
the expanded system is placed in operation

RECOMMENDED DESIGN PERIODS

Type of Structure Design Period Years Note
Laterals and submains Full Development Requirements may change
less than 15 inches rapidly in a limited
in diameter area.
Main sewers, outfalls, 50, full development, Difficult and expensive
and interceptors or as specified by to enlarge

EPA '

Design Flows - The estimztes

of flow of residential domestic arezs can be
expressed by the following equat

tions:

5.0/p%/®

O

S~

O
1

max ‘avg
min’ “avg

Q /Q 25.0P°

m&xX min

Where Q is the flow rate in gallons per day and P is the poulation in
thousands.

Other widely used relationships of flow from moderate sized domestic
sewage areas are

Maximum daily flow =

X avg daily flow
Maximum hourly flow 1

X maximum daily flow, or

x average daily flow

Minimum hourly flow = 2/3 x average daily flow, or

Minimum hourly flow x minimum daily flow, or
= 1/3 x average daily flow

[}
w = o
(64

1]

1}
[
~
N

In the absence of flow data new domescic sewerage systems shall be de-
signed on the basis of an average daily flow of not less than 100 gallons
per capita per day, or as specified by EPA's cost effectiveness guidelines.
Lateral and submain sewers should be designed with capacities, when flow-
ing full, of not less than 400 gallons per capita per day. Sewar mains
should be designed for not less than 250 gallons per capita per day flowing
full. 1Interceptors should be designed for maximum flows using the preced-
ing equations.



In commercial areas the normal domestic flow should be added to that
of the commercial areas. Commercial flows should be based uponm known
data in the design region.

Normal dry industrial flows should be based upon known data in the
design region. Any residential flow should be added to these values.

Design for wet industry should be on an industry-byv-industry basis.

D. DESLGN DETAILS.

1.

No sewers other than house laterals shall be less than six inches in
diameter. Six-inch diameter sewcers will be permitted for lines under
500 feet in length in areas where the line cannot be extended. unless
indicated otherwise in this Bulletin. & manhole shall be placed at the
end of the six-inch line. If the six-inch diameter line is 200 feet or
less in length, a cleanout at the e¢nd of the line mav be uscd.

All other sewers shall be zt least 8 inches in diameter.

Minimum Slcpe - All sewers shall be so designed and constructed to give
mean veloc1tles, when flowing full, of not less than ..0 feet per
second, based upon Manning's formula usiung an "n" value of 0.013. <Usc

1

of other practical "n" values may. be permitted by the plan reviewing
agency if deemed justiifiable on the basis of research or field duta
presented. Figures IV - 2 and IV - 3 are provided as a design aid.

To prevent deposition of sand and
fps should be used when the circurm s permiz. To prevent abrasive
action of the pipe materizl, the maximum velocity in the sewer shall be
limited to 10 fps. Where velocities excead this maximum figure, the
lines shall be comstructed of ductile iron pipe or its equivalenz. Man-
hole inverts shall also be protected.

ravel, & mean velocity of 2.5
=)

All sewer lines shall be designed with due consideration given to
sulfide production and control. Recommended references include EPA
Process Design Manuel for Suliide Control in Sanitary Sewer Systems, and
D. K. B. Thistlethwayte's Control of Sulphides in Sewerage Systems.

Alignment.

a. Straight - Where a sewer with straight alignment is desired, the
sewer shall be laid with uniform grade and straight alignment
between manholes.

b. Curvilinear - Horizontal and vertical curvilinear sewers will be
accepted providing they meet the following criteria:
1) The minimum velocity in the sewer flowing full is not less than
2.0 fps. ‘

2) The minimum radius of curvature shall be 200 fset or the radius
calculatad based upon one-half of the maximum allowable deflec-
tion per joint per pipe materizl, whichever is greater.



3) 1In addition to the acceptance test, the sewer line shall be
cleaned to remove foreign material.

4) Manholes shall be placed at each end of the curve not to exceed
400 feet spacing.

Manholes and Cleanouts.

Location - Except as itemized below, manholes shall be installed at

a.
the end of each line, at all changes of grade, pipe size, or align-
ment, at all sewer pipe intersections, and at distances not exceed-
ing those shown below:

MANHOLE SPACING
Pipe Size (in.) Max. Manhole Spacing (fr.)
8 - 15 500
18 - 30 600
36 - 60 800
Over 60 1300
Cleanouts may be used in place of manholes at the end of
laterals less than 200 fzet in length.
Where manholes are located in areas of flooding, consideration
shall be given in design to eliminate storm water entrance.
Sewer Size Minimum Slope to Maintain Velocity of:
(in) (mm) 2.0 fps (0.6 m/s) 2.5 fps (0.75 m/s)
n .070 .013 .015 .010 013 .015
8 200 .0020 .0033 .0045 .0031 .0052 .0070 .
10 250 .0015 .0024 .0033 .0023 .0037 .0052
12 300 | .0011 0016 0026 - | .0018 .0030 0040
15 380 .00085 0074 .0019 .0013 .0022 .0030
18 450 .00067 .0011 .0015 .0010 .0017 .0023
24 600 .00045 .00077 .0010 .00071 .0012 - .0076
Table 1V-1

Minimum Slope To Maintain Indicated Velocities Flowing Eull

(From Manning’s Formula)



b. Drop Manholes - If the difference in invert elevations between inflow
and outflow sewers exceeds 30 inches, a drop manhole shall be install-
ed.

If the difference in invert elevations between inflow and outflow
sewers is less than 30 inches, the manhole invert should be filleted
to prevent solids deposition.

The Engineer should design drop manholes with due consideration
given to sulfides and sulfide control. Recommended references include
EPA Process Design Manual for Sulfide Contrel in Sanitary Sewerage
Systems, and D. K. B. Thistlethwayte's Control of Sulphides in Sewerage
Systems.

Elimination of drop manholes by & substitution of a vercical
curved sewer into a standard manhole will be considered, provide
detailed hvdraulic calculations are submitted showing the vertical
transition curve and its conformance with velocities and principal
of open channel hydraulics.

¢. Diameter - The minimum inside diameter of manholes shall be 48 inches.

d. Steps - Manhole steps should be installad in sewers wnen the depth
of the manhole exceeds 48 inches. The steps shall be spaced from
to 18 inches apart vertically and constructed of cast iron or plas
coated cast iron.

iC

e v -

Ladders with cast-in anchers will be an acceptadlea alternate o

steps.

e. Flow Channel - The flow channel through the manhole shall be steel
trowel finished to conform in shape and slope to that of ths sewers.
The manhole shelf shall be brush or broom finished with a slope of

one inch per foot.

=

. Water-Tightness - Manholes should be protected from storm drainage’
t

(7}

flooding conditions whenever possible. Whnere the flooding cannet be
avoided, solid manhole covers shall be used to prevent infiltraciom.
s

Suitazble waterstops shall be provided at all manhole scams.

Manholes constructed of brick or concrete block shall be watrer-
proofed on the exterior to prevent .infiltration. Where pre-cast
manholes are found to leak, the manholes shzll be waterproofed on
the exterior.

Depressed Sewers - The use of depressed sewers (inverted siphomns) should
be kept to a2 minimum.

To keep velocities to z maximum and clogging by sediments to a mini-
mum and to provide easier maintenance, at least two parallel pipes should
be designed with a2 minimum pipe diameter of si 6) inches.

-~

A minimum velocity of 3.0 fps should be maintained

s

in each sewer pipe.
The system should be designed to provide the minimum velocity

in one pipe

Iv - 10
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at minimum flows with the inlet structure arranged in such a manner as to
bring additional pipes progressively into operation as the flow increases
to its ultimate design flow.

Manholes shall be installed at each end of the depressed sewer to
provide for cleaning and rodding.

Where circumstances warrant, a bar screen may have to be installed
in a structure prior to the depressed sewer inlet. This could be
especially true where 6-inch pipes are used. The design Engineer should
give careful analysis and attention to potential clogging problems.

6. Depth of Sewers - Sewers shall be installed at a depth sufficient to
insure adequate drainage of wastes from each service and to prevent
frost damage.

All sewers shall be designed to absorb superimposed loads and back-
fill overburden, without damage to the pipe material, and withoutr ad-
versely affecting the hydraulic characteristics of the pipe.

It is recommended that the sewer pipe be installed at a minimum depth
of 3 feet (finished grade to pipe spring line). Where pipes are required
to bridge ravines, washes, and caverns, the pipe shall be of high strength
materizl and shall be supported properly to prevent settlement or washout
during storm flows

7. Easements and Rights-of-Way - No public sewer shall be installed unle
the owner has in his possession evidence of his obtaining the necessa
easements and rights-of-way.

Failure to produce these agreements upon request is ground for with-
drawal of the Department's "Approval to Construct.”

8. Special Conditions for Condominiums, Mobile Home, Travel Trailer. and
Recreation Vehicle Parks - Condominiums, mobile home, travel trailer
and recreational parks shall be designed using the requirements of the

uniform plumbing code, excluding the water-sewer main separation. The

requirements of this Bulletin regarding water and sewer separation shall
also apply to condominiums, mobile home, travel trailer, and recreational
vehicle parks.

E. PLAN - DETAIL REQUIREMENTS.

In general, the engineering drawings submitted to the Department for approval
shall meet the following requirements:

1. Standard Drawing Size - The engineering drawings shall be reproduced on
paper not gresater 24" x 36".

2. Plan View and Profile - Plans and profiles for sanitary sewers shall be
submitted and shall be prepared using the following scales:

IV - 11



Horizontal Vertical

e e s s s [ —

1" = 20 feet 1" = 2 feet
1" = 30 feet 1" = 4 feet
1" = 40 feet 1" = 5 feet
1" = 50 feet 1" = 6 feet
1" - 60 feet 1" - 10 feet
1" - 100 feet

The plans and profiles shall be in sufficient detail so as to provide a
clear understanding of the size, invert and grade elevations aud type of
material used in construction.

The plans and profiles should show all utility locations, easements
and rights-of-way, and other structural features of the sewer.

A general map. showing the vicinity of the project, area to be
serviced, the location of the proposed sewers (referenced to plans and
profiles), site or sites of all water and wastewater plants, wells,
streets. parks, drainage areas, lakes, creeks, streams, water meins. and
storm sewers, shall be included as part of the engineering drawings.

It is recommended that the general map include topographic contours-
at intervals of 2 feet minimum and 5 feet maximum.
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Example: If velocity = 2.4 ft./sec. and discharge = 4.9 mgd. flowing full: then flowing 2.3 iull
the velocity will be 2.4 x 1.17 = 2.68 ft./sec. and dt<charge will be 49%079=379 mgd.
Figure IV-3
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CHAPTER V - SEWAGE PUMP STATION

A. INTRODUCTION.

Chapter V provides design standards for sewage pump stations which are an
integral part of the sewerage collection system. Criteria for design of in-plant
sewage and sludge pumping systems are presented in Chapter VII.

1. Site Selection - In selecting a site for a sewage pumping facility, con-
sideration should be given to:
a. Accessibility of site
b. Flooding conditions
¢. Potential nuisance aspects

2. Location - The potential for damage or interruption of cperation due to
flooding shall be considered when locating sewage pump statiomns. The
stations' structures and electrical and mechanical equipment shall be
protected from physical damage by the maximum expected one hundred (100)
year flood. The station shall remain fully operatiocnal during the twenty
five (25) year flood if practicable; lesser flocd levels may be permitted
dependent on local situations, but in no case shall less than a ten (10)
year flood be used.

B. DESIQ.
1. Selection of Pumping Equipment.

a. Pumps - The selection of sewage pumps should be made after a thorough
analysis of the following factors:

1) Design Flow - The design of the pump station will be governed by
the maximum and minimum flows (present and future) contributed
by the sewerage system tributary to the pumping station.

Flow patterns and quantities for the tributary contributing
to the pumping station shall be established using the criteria
set forth in Chapter IV of this Bulletin.

2) Number of Pumps - The number of pumps provided depends upon the
required capacity and range of flow. The pumping station should
be designed to provide a total pumping capability equal to the
maximum anticipated flow with at least one of the largest pumps
out of service. 1In no case shall less than two (2) pumps be
provided in a pumping statiom.

Sewage pumps having suction lifts of a maximum of fifteen (13)
feet will be approved only where the pumps are self-priming and ade-
quate maintenance provisions are included in the design. Suction
lifts for pumps using foot-valves on raw sewage will not be acceptable.

To minimize clogging, open impeller or non-clag type pumps, OT
ejectors, capable of passing a two and one-half inch sphere shculd be

V-l



required. For small lifcs stations (40 gpm or less) grinder pumps will
be acceptable.

Where special designs of pumping stations are necessary due to pump
limitacions, etc.; specific details of design with reasons for equipment
selection shall be issued to the Departmeat in report form for prelimin-
ary reviev prior to final design.

Inspection and clean-out plates on the pump bowl or a hand hole in
the first fitting connected to the pump suction should be provided for
clearing stoppages.

b. Pump Controls and Alarms - Pump controls can be float-operated,
electrode operated, pneumatically operated, or pressure swictches.

Control mechanisms shall be located so that they will not be
affected by flow currents created by the entering sewage or by pump

suction.
Provision should be made to prevent floating material in the wect
well from interfering with the operation of the controls.

When the controls are located in the dry well, the height of che
float tube shall be such as to prevent overflow of sewage into the

dry well.

All 1ift stations shall be equipped with an audible or visual
high level alarm system. Other alarms such as pump failure, etc.
shiould be considered in the design of lif: statioms.

Large lift stations should be equipped with variable speed con-
trols to operate at varying delivery rates to permit discharging
sewage from the scation at approximately its rate of delivery to the
pump scatiom.

¢. Electrical Equipment - The motor starters and controls shall be
located in property assembled (factory or field) control panels.
Factory assembled control panels are preferred. Large stations
should include a separate eleczrical room.

Powver tramsformers shall be installed in an outdoor fenced en-
closure, on power poles, or shall be of the lockable pad =ounced

type.

Unless it can be demonstrated to the Department that it is not
required, all sewage liit stations shall have provision for standby
power.

Lift stations which sezve major flow areas shall be equipped with
a standby generator, shall be supplied with power by twe separate
feeders from separate substations, or shall be supplied by a loop

feeder on separate transformers from a common substatien.

V=2



Wet

Electrical equipment in enclosed areas where gas may accumulate
should comply with the National Board of Fire Underwriters and Nation-
al Electrical Code for hazardous locatioas.

Piping and Valves - Flanged pipe and fittings should be used for
exposed piping in pump statioms.

Each pump shall have a separate suction. It is recommended
practice for the discharge pipe to be at least ome pipe size larger
than the discharge nozzle and for the suction pipe to be ome or two
sizes larger than the suction nozzle.

A concentric increaser should be installed on the pump discharge,
with a full closing gate or plug valve and check valve. The pump
suction should be installed with a full closing gate valve.

Wnere space conditions will not permic inscallation of rising
stem valves, non-rising gate valves, check valves, and all other
types of valves shall be equipped with an indicator to show open
and closed positionms.

Check valves should be of the swing type, preferably with outside
lever and weight. The valve should be installed in the horizontal
position in direct line with the pump discharge, and should be of 2
type permitting the unobstructed flow of sewage when in the full open
position. )
Surge Control - The Engineer should take great care in analyziag the
potential water hammer problems in force mains, the possible estimated
pressure rise, and methods to reduce the maximum pressure rise to a
safe limic.

Since many of the devices used to control water hammer in water
pumping stations, such as surge suppressors and relief valves, are
not applicable because of sewage solids, alternate solutions such as

- special valves with timed closures should be investigated. Hydro-

pneumatic surge arrestors are also available for sewage applicationms.

A detailed treatise on water hammer by John Parmakian, entitled,
'"Waterhammer Analysis," is recommended by the Department and is
available through Dover Publications, New York.

Flow Monitoring - At larger pumping statioms, comsideration should
be given to installing .suitable devices for measuring sewage flows.

(At smaller pumping stations consideration should be given te provid-

ing a running time meter for flow monitoring.
Well Designm.
Volume of Wet Well - The volume of the wet well between start and

stop elevations for a single pump, a single-speed control step for
variable speed, or multispeed operation is expressed as follows:
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where, Vw required capacity, gallons

¢ = minimum time of one pumping cycle or time between suces-
sive starts aor speed increases of a pump operating over
the contrel range, minutes

q = pump capcity, gpm, or increment in pumping capacity where
one pump 1s operating already and a second pump is started,
or where pump speed is increased.

Recommended values of § for small pumps 1s 15 minutes (5 minutes mini-
mum), and 20 minutes for large pumps.

Floors - Floors of wet wells shall have a minimum slope of one to one
to the pump intakes and shall have a smooth finish.

Access - The wet well shall be designed wich adequate access for
maintenance purposes. It is recommended that the minimum dimension
of the wet well be no less than five (5) feet.

Pump Intzke Protection - Pumps shall be protected from objects wnich
will cause clogging and station malfunction. Screening devices may
be used in the wet well or in an adjacentc chamber to protect pumps
against clogging. Manually cleaned bar racks may be used in small
stations. Larger stations should use mechanically cleaned bar racks,
screenings grinders, or comminutors with a =anually cleaned bypass
tack.

Rentention Time - The retcenzion time of sewage in a wet well shall not
exceed 30 minuces at average daily design flow. Fer areas where the
recention time is greater than 30 minutes, a compressor with a dif-
fuser bar shall be placed in the wet well to prevent the possibilicy
of septic conditions. The compressor shall be sized at 2 scfm pe:x
1000 gallons of storage.

Veantilation - Adequate ventilation shall be provided in wet wells.
Ventilation should be via blower, having sufficient capacity to
provide a 2-minute air change based on the wet-well volume below
grade and above the minimum sewage level. The mode of operatiocn of
the ventilation system should be at the discretion of the Engineer.

Pump Intake Design - The Hydraulic Institute Standards gives recom=
mended multiple pit layouts for centrifugal pump suctions. These
are shown in Figures V- 1, V - 2, and V = 3. 1In additcion, pump
suction connections to wet wells are shown in Figure V - 4.

These configurations have been established through field experi-
ence and shall be minimum standards for intake design.

Dry Well Design - The size of the dry well depends primarily on the
number and type of pumps selected. The dry well shall be deep enough
that the pumps are self priming at all starting levels unless self

V-4



TUG

~ - RS WUNES UGN JNNNNDY WUNUNUIY (NN MU NS S U SN N ~— ===,
ifﬂﬂ“.fr.lu A= D DU U N NS - —A &
e e D ﬂsll U NN DR P DUNEE SN DUNNDUNS JUNUN PESSSLY SENNNRY W IS RS PSR R o
e e e} e IIA.I —_f e e e e SN p—— — - — “n“
B I G 100 N N AU NN NS NN NN U NN Y U O N S
e — -~y 1Y
~
= PSS FE R
- i . —f SN P ¢
~ ~ \: < "y
N M/{ﬂ 55.4 <l — . i - A
- .ALA)& ll-.vA\\JrA PR FE SN . N N R
N b 23 o
ﬁj/ .\AV”’.A bt Bussumad' Gl St —— w.
S P - /”ﬁ (— /.W_\/".!I]' —_—
IIJI T.l.«o)w«.- V.ﬂll.l SN DU :.U.
™~ I N R N .

/]

AV
||
|
L

ALl
7

y
ARy

| A

[/

“

VANENRTS
T
/Y
A
/Y
50 80 30 100
Figure V-1

TS

/
7

|
|
2
A
|
“/
4

<0

7
30

VAN
L/

e e

]
|

|

Y1
|
5

Sump Dimensions Versus Flow

/
|

/
20

RECOMMENDED SUMP DIMENSION IN INCHES

A
/11
8

Figures apply 1o sumos for clear liquid. For fluid-soiids muxtures refer (o the pump manufaciure.

et et | e — — 0

300.000

200,000

150,000

288 8§88 8§88 g
g8 g § 8 8 » &

o [ad L2

10.000
6,000
4.000
3.000

JWNJ M4 TLANIW 14 SNOTIVD



MULTIPLE SUMP

S S 7
¥ L — |
N AT /T
g . ! B
\_/ \ ‘_/ l\._/
o ‘

L—--S--e
l ? SINGLE
Y )
o SUMP
SINGLE
| PUMP
MULTIPLE iILLUSTRATlON
PUMP
ILLUSTRATION l 1

STREAM FLOW
Ve

MIN. 'L ﬁ
; :

Ficure V - 2

Sump Dimensions Versus Flow



RECOMMENDED

NOTR

ECOMMENDED

[—aur

(7 l
A gO o
o =
! <—-=-Ve =1ips OR LESS ©) N Ve =2 fps & P
Q /Z’:ﬁ_-’g iF A =LESS THAN
- —<——VeS=1121C 2D O / 3D
. j N e o e A e
e O
A
c ®
| ez <— — ADD WALL THiCK- e -3 = ;
) NESS TO Q. DIST. O I =
=~ — —_ROUND OR GV ’ ® O
o3 WALL ENDS GAP {@ ' ~
% AT REAR OF WALL Y YN
M = § T ooty B S — S—
= APPX. D/3 |
2‘~) B :
D NOR
-; =916 D I.. A@--——
0 Ko
| A | A | —
!@ 24 I ——
A | Q L/
g : FQ i " !
'@ L MIN =450 g [/
— PREFERED « =75° C N
: : —  p ; f
- | bV, <S—&K
) | : P~ N
; : W =iV | (?/ \.?/ {:D I i
" i
O t R
BAFFLES GRATING OR STRAINER SHOULD BE —_—
oS  ARS ART 2SO0 OTE 3
(N i ;
N T Bt Vi = 0.2fps OR LESS AND.
L | 3014801 211201 50 L = SAME AS CHART TO LEFT
Y 11Tz ey D S = IS GREATER THAN 4D
é ] l
| i
= 8 i
gj MIN. 2F;’.,;4| gl
y V. _\;/ )
- . ' H <=
== G V=2 fpS i
V UP TO 8fps | E

NOTE: Figures apply to sumps for clear liquid. For fluid-solids mixtures refer to the pump manufacturer.

Figure V-3

Multiple Pump Pits




Special long radius
flange and flare

A

lle

Special 45° flange

and flare
2\
2 <;I
| H

May be used where adequate
submergence exists at low-water
level to prevant vortexing

Figure V=4

?ump Suction Connections to Wet Well




priming pumps are being recommended. The pump setting shall be such
that the pump's maximum suction lift is not exceeded and shall be
positioned to minimize the liberation of gas.

Dry wells shall be well lighted, adequately ventilated, and pro-
vided with an automatic sump pump. The dry well shall be positively
ventilated with an exhaust system which provides 30 air changes per
hour based upon dry well volume below grade.

Sufficient working clearances around pumps and other machinery
shall be provided to assure ease in maintenance.

Consideration shall be given to cranes or hoists for removing
pumps for maintenance and replacement.

The dry well shall be separated from the wet well by a2 water- and
gas-tight wall with separate entrances provided to each.

Stairways or access ladders shall be provided in all undergrcund
dry wells.

Individual Residence Lift Stations - In areas where individual residen-
tial lifc stations are required to pump raw waste or effluent from
individual disposal systems, the minimum design requiremeacs are:

a. Number of Pumps - At least one pump designed for the maximum design
flow shall be provided in an emclosed sump.

b. Controls - The lift station shall be provided with automaric "on-
off" controls. A high level alarm system shall also be provided.

c. Sump Design - The sump shall be designed in accordance with Section
B.2. of this Chapter. 1In addicrion, a reserve capacity shall be
provided above the high level alarm such that the total capacity of
the sump equals one full day's flow volume.

rce Main.

135
o

a. Velocity Requirements - The velocity of flow in the force main shail
be between 3.5 and 6 fps. In no case shall a velocity less than
2 fps at minimum flow be allowed.

Although solids will nmot settle out at a velocity of 2.0 fps
solids in the wastewater remaining in the line when the pump st
will settle out. To assure pickup of the deposited solids, it is
recommended that a design velocity of 4.0 fps be used. Pumps can
be selected to give 4.0 fps minimum velocity with both pumps in

operation or at peak delivery. -

V - 6 are provided for reference and zs aid in
Figure V - 5 is based upon Hazen-Williams'

100. Other values of C are presented in Table

Figures V
designing for
work and is §
v - 1.

5 and
ce mains
or C 1

4
1
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Type of Pipe C
Asbestos Cement 140
Cast lron

New unlined 130

Old unlined 20-120

Cement lined 130 - 130

Bitumastic ename! lined 140 - 130

Tar-coated 115 - 133
Concrete or concrete lined

Steel forms 140

Wooden forms 120

Centrifugaily soun 118
Calvanized lron 120
Plastic 140 - 150
Steel

Coal-tar enamel lined 145 - 158

New unlined 140 - 130
Vitrified clay 100 - 140

Table V.- 1
Values of C

Hazen Williams' Formula
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Nomograph for Solution of Hazen-Williams Flow in Pipe
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Force mains should be designed with due consideration given to
minor losses in elbows, inlet and outlet structures, etc.

b. Materials of Construction -~ All types of pipe materials used in
design of force mains shall have established ASTM, ANSI, AWWA, and
NSF standards of manufacture or seals of approval and shall be

designated as pressure sewer pipe.

c. Air Release Valves - Air release valves designed for sewage shall
be provided on force mains at all peaks in elevation.

d. Water Line Separation - Where a force main crosses a water line,
the force main shall be enclosed in concrete for a distance of 10

feet each side of the water line.

The minimum separation between force mains and water lines shall
be 2 feet (circumference to circumference) vertically and & feet
herizontally. Measurements shall be from pipe circumferences.

e. Testing - Prior to issuance of a Certificate to Operate all force

mains shall be pressure tested.

Preparatory to testing, the section of the pipeline to be tested
shall be filled with water and placed under a slight pressure for
at least 48 hours. The pipeline shall _ then be brought up tec 30 psi
over or 125 per cent of working class pressure,whichever is grezcasct,
and maintained on the section under test for a period of not less

than 4 hours.

Accurate means shall be provided for measuring the quantity of
water required to maintain full test pressure on the line for the

test period, which volume shall not exceed:

JD\/?Z

L | ————t——.
4500
wnere,
L =
of pipeline tested
J = number of joints in length tested
D = diameter of pipe in inches

Pt = test pressure in psi

maximum allowable leakage in gallons per hour for the section

Lifr Stations Pumping into Treatment Facilities - Sewage pumping stations
be evaluated to assure
loading rates on the

and that the secondary
1000 gpdpst.

lifring wastewater into treatment plants shall
that under conditions of peak flow the surface
primary clarifiers does not excead 1200 gpdpsi
clarifier surface loading rate will not exceed

Where preliminary analysis shows excessive
sideration shall be given to flow equalization
surface area.

vV - 13
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PLAN DETAILS REQUIREMENTS

Engineering drawings submitted to the Deparcment for approval shall meer
following requiramencs:

1.

Standard Drawing Size - The engineering drawings shall be reproduced on
paper not greater than 24" x 36'".

Drawing Scale.

a. Plan-Profiles - Plan-profiles of sewage force mains shall be sub-
mitced and shall be prepared using the following scales:

Horizontal Vertical

1" = 20 feer 1" = 2 faet

1" = 30 feet 1" = 4 faec

1" = 40 feet 1" = 5 feet

1" = 30 feer 1" = 6 feer

1" = 860 feer 1" = 10 feet

1" = 100 fee:

5. Details, Sections, Etc. - Details, sire plans ard seczicns shall
be at such scale as =q iadicace conscructicn raq remenss in a
aw

o w (8]
L ]
of (v

)

(1)
b
-

Drawing Details - The enginesring drawings shall be of sufficien
sa as to provide a clear understanding of cthe location of the proji

ite plan of =2ach lift scation, topegraphy of the project, all wuril
locations, easemencs and vights~of-way, and other struccural fesarures
cf the sewer.

-

X

Lift starion details shall show all iavert elevations, structural
levations, existing and finished grade, comegTol setting elevations,
uctural design of wver wells and dry wells, valve and tiping, surge

trol devices, pump suction and discharge decails, and any other

ails wnich will provide a clear understanding cf the project.

o

Plans and profiles of force mains shall show size, inver:s and gfade
elevacions, mactarials of construcs ion, utilicy location, and any ocher
details which define the force main comstruccion requirementcs.



engincering bulletin moe. U1

Chapter 6

SEWAGE

ARIZONA DEPARTMENT OF HEALTH SERVICES

JULY 1978






CHAPTER VI -~ SEWAGE TREATMENT WORKS DESIGN CONSIDERATIONS

SECTION A - GENERAL .
1. Treatment
2. Upgrading

2. Partial Construction .
SECTION B ~ PLANT LOCATION .
SECTION C - EFFLUENT QUALITY . . .

SECTION D - DESIGN .

1. Type of Treatment

2 Industrial Waste Considerations

3. Flow vs. Treatment Process .

4 Design Loads . . . . . . . . .
a. Hydraulic . . . . . .
b. Organic
c. Toxic Agent Limitations

5. Arrangenment of Plant Units .

SZCTION E - PLANT DETAILS .

1. Equipment Installation .

2. By=-Passes .

3. Drains . . . . . . . ...
4. Construction Materials . . . .
-5, Pipe Identification . .

€. Tcols and Operating Equipment
7. Grading . . . . .

8. Llandscaping . . . « . . .« . .
9. TFencing . . . . .. o L oL ..
10. Posting of Site . . . . . . .

11. TFlood Protection .

p—
[ 3]

Ground Water Table . .

page
Vi -
v
Vi -
VI -

—
U

vl -

VI -

vl -
vl -

Vi -
Vi -

N

(%)

~N Wb wWw W

~1

W W W W WO W g 00 W w ~N N~



CHAPTER VI - SEWACE TREATMENT WORKS DESIGN CONSIDERATIONS (Contd.)

SECTION
1.
2

& ow

wn

On

SEZCTION

SECTION

F - ESSENTIAL FACILITIES .
Ezergency Power .
wWater Supply
Sanicary Facilicies .
Laboratory Equipmeat and Housing
Sewage Flow Measurement

Process Flow Measurement
G - OPERATION AND MAINTENANCE MANUALS

H - OPERATOR CERTIFICATION .

v I - SAFETY FZATURES

PLAN DETAILS . . . . . .

L.
]

page

12
10
i0
i0
10
10
10



CHAPTER VI - SEWAGE TREATMENT WORKS DESIGN CONSIDERATIONS

A. GENERAL.

Treatment - The treatment plant process selection shall be such that
effluent quality standards will be met under the most adverse conditions.

[
.

The treatment plant should be designed to provide for the estimated
population of 15 to 25 years. In general, if the growth rate and inter-
est rates are low, a 20 to 25 year design period is recommended. When
growth and interest rates are high, a 10 to 15 year design period may
be more feasible.

2. Plant Upgrading - Upgrading of sewage treatment works may be required
for several reasons including the following:

8. Meet more stringent effluent quality standards.
b. Increase hydraulic and/or organic loading capacity.

c¢. Improve poor performance due to improper plant design and/or opera-
tion. It is recommended that the Engineer define the following
aspects of the existing facility.

1) Efficiency of treatment

2) VNormal operaticnal and maintenance procedures
3) Condition of structures

4) Condition of equipment

5) Staffing pattern and operator skill

After appropriate anmalysis of the existing system, 2 brief descrip-
tion of the recommended revisions should be submitted to the Deparcment
in a preliminary report for review and comment. If the Department does
not have as-built drawings of the existing facility on file, the Engineer
shall provide a set of as-built drawings wich his final design.

Plans of the existing treatment plant and effluent disposal system
should be submitted which show the location and size of structures,
equipment, and piping; the hydraulic profile; and exiscting flow diagram
in sufficient detail to determine their effects on the treatment process.
A schematic of the effluent disposal piping should be submitted includ-
ing approximate locations of all lines, line sizes, and inverts of
major piping. All pumping stations and other special appurtenances and
structures should be detailed sufficiently to determine their effects
on the system.

3. Partial Construction - When it is anticipaced that only a portion of the
plant will be constructed presently, the Engineer shall furnish design
data for the complete facility, including size, type, and location
(future units shown dotted), design loads, process flow schemes, hvdraulic
profile, and other pertinent data which clearly defines the present and
future installation.

In addition, a site plan with topographic features shown shall be
submitted for review.
Vi - 1



3. PLANT LOCATION.

The treatment works site should be selected after careful analysis and study
of the following factors:

(1) Flood poteantial

(2) Noise potential

(3) Odor potancial

(4) Direction of prevailing winds

(53) Seasonal accessibility

(6) Anticipatad growth patterns in the vicianity of the proposed plant

sice

(7) Possible elimination of sewage pump station upstream of cthe treac-
ment works

(8) Disposal of waste solids

(8) Foundation coanditions and topcgraphy

To avoid local objections, sewage treatment plants other than individual
residential plants shall be located az the distances from contiguous properszy
lir2s shown in Table VI - 1.

Table VI - 1
Minimum Setback vs. Treatment Plant Size
PLANT SIZE Distance (Feet)
10 GPD (1) ) (3) A
No Controls Aesthetic, Noise & -Enclosure with
Odor Control or  Noise & Odor Con-
Signature trol or Signature
5-3 250 100 25
25 - 100 350 200 50
100 - 300 300 300 100
300 - 1 _ 730 300 ?
1 MGD 1000 730 s

*Will be reviewed on each individual project.
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Column 3 requires z =minizum setback for z plant which is enclosed in z coversd
structure with the option of addicionzl noise control and oder control or :zhe
signatures of zll properzy owners withian the zllowable serback.

Jcise control is defined as 2 sound level 2zt the nearsst existing proper:y
line not o exceed 30 &b om the A network of z sound level mezer. Aesthercic
centrol is defined as landscaping in addizicn to chainlink fences or esarthen

berzs.



In addition, the approval to operate will not be issued until an operation
and maintenance manual is approved by the Department, and a certified plant
operator has been emploved to operate the facility.

The setback requirements listed .above do not apply to lagoons or ponds.
These types of treatment plants will be reviewed on an individual basis. I
recommended that wastewater traaztment lagoon be locared not closer than 100
from the nearest property line.

O
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C. CEFFLUENT QUALITY.

Selection of the sewage treatment process shall be based upon the method of
ffluent disposal and the ability of the process to meet the effluent standards
prasentea in Chapter II.

D. DESIGN.
1. Type of Treatment - The Engineer should give careful considerat f

on o
the type of treatment needed to achieve the goals outlined below b fo

selecting the appropriate treatment process.
a. Discharge Standards - The quality of effluent achieved by a given
process should be evaluated on the basis of consistency in meeting

established effluent standards.

b. Operzation Supervision - An optimization of manhours necassary to
oversee plant operations and assure process balance and consistency
in meeting effluent standards is an important part of process selec-
tion.

The ¢
achieve ¢
Each proc

vpe of supervision and operation each process must have o
he prescribed treatment level should be carefully analyzed.
ess should be evaluated based upon, but not limited to:

1) Operator educational level needed,
2) Number of personnel required for proper operation,
3) Sophistication of. laboratory monitoring.

c. Value Engineering -.Value engineering is concerned with eliminacing
or modifying all items that contribute to the cost of a project but
is not necessary for needed performance, quality, maintaianability,
reliability, or interchangeability. Specifically, value engineering
should be a systematic creative effort direcrted toward an an alvsis
of each item in the process to assure that it performs essential
functions at the lowest over-all cost. The over-all cost shoulid
include, but not be limited to, costs of acquisition, construcrtion,
operation, repair, and replacement.

Value engineering should plzy a major role in equipment and
treatment process selection.



Lagoon {All types) All Flows -
Trickling Filtration * e
Biodisc. ™ 108 B
Extended Aeration All Flows _
Oxidation Ditch - All Flows '
i

Contact Stabilization 185 E
Step Aeration E’G i
Modified Aeration 1:05 _
Conventional Aeration los :
Complete Mix Aeration 108

195

Pure Oxygen

Applied To Biologicai Effluent

108
~ Applied to Raw Sewage

Physical - Chemical <

103 104 108 106 107 108 108
Treatment Plant Capacity (GPD)

_ Figure VI-1
Flow Vs. Acceptible Process

= Designs at lesser flows may be considered upon consultation with the department
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d. Enviroumental Impas. - Short- and long=-term impacts of each process
should be examined in terms of noise, odor, nutrient control, '
affects of effluent quality and/or construction on flora and fauna
of the receiving reservoir, and interruption or interference of
construction and/or operation on the ecosysteam.

The level and degree of complexity of the envirommental impact
statement should be commensurate with the project scope. The
latest Federal Register regarding Environmental Impact Statements
should be used as a guideline.

e. Operation and Maintenance - Consideration should be given to operation
and maintenance requirements and costs. Equipment replacement and
repair, chemical and electrical costs, administration costs, tools
and special equipment, labor, and other pertinent items should be
quantcified and justified econcmically. :

Industrial Waste Considerations - Industrial wastes discharged to treat-
ment processes should be quancified as to treatability of the waste, the
affect of unexpected discharges of each waste product on the process,
and the affsct of each type of industrial waste on the quality of the
effluent.

Flow vs. Treatment Process - Figure VI -~ 1 shows the types of processes
which are considered acceptable in ralation to the quantity of waste
flow treated. These requirements are based upon treating domestic
wastewater. Volume treated vs. process selection may be different than
indicated in Figure IV - 1 for non-domestic wastevaters. The Department
should be contactaed to verify accaptability of process selection on non-
domestic waste prior to final desigm.

Design Loads.

a. Hydrazulic - All units of sewage treatment works shall be designed
using the hydraulic loading standards set forth in Chapter VII of
this Bulletin. Careful attention shall be given to the affects of
peak locads on all unicts.

Generally, the design of treatment units shall be based on the
average rate of flow of domestic sewage per 24 hours, plus the
average hourly rate of flow of industrial wastes during the maxizum
significant period.

Where recirculation is employed through a unit, the recirculated
process stream shall be added to the flow rate.

b. Organic - The treatment units which require sizing based upom organic
characteristics shall be designed using the organic loading standards
set fortch in Chapter VII of this Bulletin. :

Careful attention shall be given to changes in organic character-
istics especially where industrial wastes are part of the waste Ilow.

Figure VI - 2 gives recommended values of hydraulic and organic flow
characteristics from various domestic waste generating sources. Other

types of wastes should be examined as to organic characteriscics.
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Type of Establishment Sewage Flow
(unit basis) (gallons per unit per day)

sAirport {passenger)
eApartments, mulitiple family (resident)
1 bedroom assume 2 residents, 2 bedrooms assume 3 residents, etc.
sCamp: Campground, overnight with flush toilets{camper)
Campground, overnight with flush teilets and shower (camper)
Construction (bed) ‘
Day with no meals served (camper)
Luxury (camper)
Resorts, day and night, with limited piumbing (camper)
Tourist with central bath and toilet facilities (person)
*Clubs: Country (resident member)
Country (nonresident member)
«Cottages with seasonal occupancy (resident)
=Dwellings: Boarding of rooming houses {resident)
Additional kitchen requirements for nonresidents
boarders
=Dwellings: Residential (resident)
=factory (person)
=Highway Rest Area (contact State Hwy. Dept.
=Hospitai (bed)
*Hotel (room)
sinstitGtions other than hospitals (person)
=Laundries, self service (machine)
*Mobile Home: Family (per resident)
Retirement (resident)
*AMotel (room)
“Qffice (person)
*Picnic: With bathhouses. showers & flush toilets (picnicker)
With toilet facilities only (picnickar)

»Public Restrooms (toiiet)
*Restaurant {seat),
per meai served

=Schools: Boarding (pupil)
Day with cafeteria, gymnasiums & showers (pupil] -
Day with cafeteria, but no gymnasiums or showers (pupil)
Day without cafeteria, gymnasiums or showers (pupil)
=Service Station (bay)
Shopping Center (square foot)
*Swimming pool {swimmer)
*Theaters: Drive-in (car space)
Movie (seal)
=Traiier Park: (also see mobile home)
Travel with no sewer connection {space)
Travel with sewer connection (space)

4
100

23
50
50
15
100-150
50

35
100

25
160
100

Uy n

P )
18
ur An

Orgznic Loading. Base All Organic Loacings on 200 mg/1 BODS and 210 mg/i $5.

Figure VI-2

Average Daily Sewage Flow

v - %
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NT DETAILS.

1.

Variations from values shown in Figure VI - 2 will be allowed as
basis for design provided substantiating data is presented giving just-
ification for the proposed design criteria.

c. Toxlc Agent Limitations - Many constituents found in wastewater are
toxic to biological organisms.

Figure VI - 3 gives the maximum allowable concentrations of
chemical constituents which mav be discharged to public sewers.
They are based upon the limits which begin to inhibit normal bio-
logoical activity of the treatment processes. These values shall
be applied in the absence of more stringent applicable standards.

Arrangement of Plant Units -~ The Engineer should lay out the plant units
in such a manner as to provide for operating convenience, flexibilicy,
and economy. The plant configuration should allow for ease of plant
expansion with minimum incerruption of plant operation.

Two types of layoutfs should be considered.

a. Unitc Layout = The unit layout incorporates all functions into a
single unit. It is often the most economical because of common
walled construction; less piping and valves; and space is conserved.

The unit layout can be expanded without interference with exist-
ing structures. Disadvantages include: 1) a complete set of treac-
ment units is required at each expansion; 2) repairs may require
entire plant shut down. o
b. Functional Layout - The functional layout provides grearer flexibil-

ity in operation and greater economy of construction onm larger

plants where each process can be sized on optimal number of unics
provided.

The functional design should be used where varving topography

exists. It is also better suited to centralized services which is
important for larger plants.

Equipment Installation. - It is recommended that the Engineer specify
that the installation and initial cperation of all major items of
mechanical equipment be supervised by a representative of the selected
manufacturer. The manufacturer's representative should be qualified to
instruct the owner's operator in all phases of mechanical equipment
operation.

By-Passes - By-passing of any sewage treatment works is prohibicead. In

larger facilities where duplicate process units are available, prog

located and arranged by-pass structurss shall be provided so that aacn

unit of the plant can be removed frcm operation for maintenance purposes.

In smaller plants where duplication of units is not possible, other -

suitab’e'means of removing portions of the plant from service without
ischarging raw sewage in the effluent stream should be examined and

proposed during design.

VI - 7



ALLOWABLE
DISCHARGE

CONCENTRATIONS
INHIBITING UNIT PROCESS

CONCENTRATIONS  Aerobic [ mg/l | Anaerobic

Sulphides - =5 5 1000
Cvanide -1 1 : .
ChromiuAm {hexavalent) <15 1.5 100
Nickel <2 ' 2 .
Zinc <2 2 10
Copper <1 1 -
Lead =15 1.5 -
Phenols =1 1
Cascline -Q o .
Fats, wax, grease, oils

Biodegradable <100 100 -

Non-biodegradable < 20
P =55 = 9.0 <5.5=9.0 .
Temperature 150°F 150°F (65°C) -

F igufe VI-3

Toxic Chemicals vs. Concentration of Discharge
To Public Sewers

411 floors which are subjzct to spills of waste. wasctewatar. or
crocess chemiczls should be properly drained to prevent zaccidents.
Conscruction Materials - Materizls used in sewage treatment works should
be carefullv selecced to resist corrosive gases, oils, znd other chexmical
constituents frequently present in sewage. Paint systems and metallic
coverings should be selected to resist these constituents aad should be
of sufficient thickness to prolong the service life of the equipment.
Pipe Idenmtificacion - It is recommended that 21l exposed piping of larger
facilicies be color coded to facilitace identification. The color and
marking scheme shall follow the reccrmendations of the American Natiomal
Standards Iascicute, "Standazd Scheme for Identiiication of Piping
Systams."

Tocls znd QOperating Zquipment - Tha speciiications and/or 0 & M manual
shculd contzin an ouzlize of tha necessary tools znd operacting equipzment
together with the appropriazte accessoriss wnich will be regquired by the



1Q.

11,

12.

operator to operate and maintain the treatment works effectively,
Provisions should be made to store such tools and equipmenr on site.
Additional storage and work space (including a laboratory) should be
provided to test, service and repair equipment.

Grading - Final grading of the plant site should be arranged to
prevent surface water from draining into any unit. Steep slopes should
be avoided to prevent soil erosion.

Landscaping - Treatment works which are located close to residential
areas should be landscaped. Concrete, asphalt, or gravel walkways
should be provided to allow access to all units of the planc.

Irrigation of the plant site with plant effluent is encouraged
consistent with the reuse regulations.

Fencing - All wastewater treatment plants, lagoons, and ponds treating
and/or processing raw, partially treated, or disinfected secondary
effluent shall be fenced. Ponds holding disinfected tertiary effluent
are not required to be fenced. The fence shall be a minimum of six (6)
feet in height and shall be of sufficient strength to exclude livestock
and other animals. Material of construction shall be chain link, wood,
block, or other suitable material. All gates shall be of the lockable
type.

The fence should be located far enough from each unit to provide
adequate access for mzintenance.

In areas where freezing conditions occur, consideration should be
given to enclosing process units in building enclosures.

Posting of Site - Each treatment works site shall be posted with signs
on all sides indicating that 2 treatment works is located om that site
and that trespassing on the premises is prohibited.

Flood Protection = The poteatial for damage or interruption of operation
due to flooding shall be considered when locating treatment facilities.
The structures and electrical and mechanical equipment shall be protected
from physical damage by the maximum expected one hundred (100) year
flood. The treatment works shall remain fully operational during a
twenty-five (25) year flood, if practicable: lesser flood levels may be
pernitted dependent on local conditions, but in no case shall less than
a ten (10) year flood be used.

Walls or berms of adequate size shall be constructed where necessary
to provide protection.

Ground Water Table - Treatment works located in areas of high ground

water shall be analyzed for buoyancy after each unit is dewateraed. Units
which will not withstand hydrostatic pressure shall be protected with
hydrostatic relief valves in the floor of the structure.
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F.

ESSENTIAL FACILITIES.

1.

Emergency Power - Unless it can be demonstrated to the Department that
it is not requirasd, all sewage trearment works shall have provision for
standby power. A standby power source shall be provided at all sewags
treatzent works where a temporary power fzilure could zllow a temporary
discharge of raw or partially treated sewage which may be expected to
endanger the public heazlth, cause serious damage, Or create a nuisance.

Standby power may be via a standby generator, two separate ‘eade’s
from separate substations, or a loop feeder on separate <transiormer
from a common substation.

Water Supply = Where water is supplied for the uses outlined in Figure
VI - 4, the supply should be of sufficient pressure and quantity to
assure good plant operation and maintenance

The Zngineer shall take care in design tc eliminate cross-conneciicns
between potable watsr and wastewater (raw, parcialiy-treated, or trezted).

1

All non-potable water supply taps or outlets shall be painted red
and shall be posted with a "Contaminated Water - Do Not Drink" sizn.

Sanitzary Facilicies - Treatment works which require more than 20 =zn-
hours per week operation and/oT which are provided with a labcoratory’
puilding should be provided wich sanizary facilities as cutlined in the
Uniform Plumbing Code. At least one toilet, shower, and lavatery should

be provided.

Laboratory EZgquipment and Housing - All treatment works shall include a
structure for storing cﬁem;ca7s and analvtical equipment. Considerztion

shall be given to providing az laboratory building. The Department =ay
cive specizl consideration to methods of storing chemicals and zmalvtical
equipment at an @ff site location for treatment plants in remote arveas.

The laboratory should be equipped with the
the analyticzl testing outlined in Chapter VIII.

Sewage Flow Meazsurement - All treatment works shall be provided wici
flow measurement capabiliries. All treatment works grsater than 100,000
gpd shall be provided with the necessary equipment te indiczte, racord,
and totalize the volume of wastewatcer being Ctreated. Treatment plants
under 100,000 gpd are not required to comstruct & totalizer-indicator
recording device. However, it is recommended that they do imstall such
a device. Acceocab1e flow measurement devices on plancs under 100,000
gpd include weirs with flow indicators, pumping metars, Parshall flumes
with indicators, or other such suitable devices.

Process Flow Measurement - Sewage treatment works that treat larger Ilows
( > 100,000 gpd) should provide process control measurement at all
strategic oparationmzl control points (i.e., return sludge, siudge waste,

air volume, etc.).



Disinfected

Use Potable Effluent
Laboratory Drinking Water * -
Janitorial Cleanup in Buildings * =
Yard Irrigation * *
Yard Cleanup and Washdown * *®

% Allowed with backflow prevention device

=Not allowed
Figure VI-4
Allowable Water Supply Useage

G. OPERATION AND MAINTENANCE MANUALS.

All sewage treatment works shall be required to possess an operation and
maintenance manual, written for that particular plant, in a readily accessible
location at the sewage treatment plant site. . :

The operation and maintenance manual shall be reviewed and approved by the
Department prior to issuance of a certificate to operate and shall be prepared
in accordance with the requirements of Chapter XI.

H. OPERATOR CERTITFICATION.

A1l treatment works comstructed in the State of Arizoma shall employ a
certified operator to operate or oversees the -operation of the facilicy.

The Department's Rules and Regulatioms R9-20, Art. 5 sets Zcrth the require-
ments of operator certification and classification of sewage treatment works.
I. SAFETY FEATURES.

Special emphasis should be given to safety and safety devices in the design
. of all treatment works.

Adequate provision should be made to protect the operator, laborers, and
plant visitors from unnecessary hazards. Chapter X of this engineering Bulletin
outlines safety features and devices which should be used to assure maximunm
safety at the plant site.
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J. PLAN DETAILS.

Plans of sewage treatment works which are submitted for the Department’s
review and approval should be of sufficient detail and scale as to clearly
identify the proposed construction.

Each secr of pians shall include the following as a miaimum:

1. Cover sheet - The cover sheet shall idencify the project location and
draving indes.

Site plan

Grading plan

Piping plan with flow diagram

Hydraulic profile

Plant details

[o AN VR S S PO 8 ]
s . e -

The engineering drawings shall be reproduced om paper not greater than
25" x 36", ’

Sufficient data regarding invert and grade elevations shall be shown on all
crogs-sections.
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CHAPTER VII - UNIT PROCESSES FOR TREATMENT OF

SECTION A - PRETREATMENT. . . . . « « &« . . .
1. Skimming Tanks . . « « « & & v « o . .

2. Grease Traps . « « « v o o o 4 o o o .
3. Preaeration . . . . . . . . 4 . . . .
4. Flocculation . . . . . . . . . .
5. Chemical Oxidation . . . . . . . . . .
6. Raw Sewage Holding Reservoirs
a. Equalization Basins . . . . . . .
b. Dump Stations . . . . . . . . .
SECTION B - SCREENING DEVICES . . . . . . . .

1. Manually Cleaned Bar Screens . . . .

2. Mechanically Cleaned Bar Screens .

3. Comminutors/Barminutors . . . . . . .
4. Fine Screens . . . . .
SECTION C - GRIT CHAMBER . . . . . . . .

1. Horizontal Flow Grit Chamber .
2 Aerated Grit Chamber . . . . . .
' 3. Mechanical .

4. Cyclonic-Degritters . . .

SECTION D - SEDIMENTATION/CLARIFICATION .

1. Mechanical-Rectangular and Circular

2. Non-Mechanical . . .
3. Tube Settlers . . . . . . « . « « . .
SECTION E - TRICKLING FILTERS . . . . .

1. Introduction . « v v v v 4 4 w oW u . .
Use Requirements . . . . . . . . . .

Types and Design Loadings . . . . . .

2
3
4. Distribution Equipment . . . . . . . .
5. Media . . . . . ... L. ...

6

Under-Drainage System . . . . . .
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page

ViIi -

ViI -
ViIi -

Vil -
VII -

ViI -
Vil -
Vil -
ViI -
Vi -
ViI -
ViIi -
VIiI -
ViIi -
Vi -

ViIi -
ViIi -
ViI -
VIiI -

ViI -
VIiI -
VIiI -
VII -
ViI -
VIiI -

g " I TR RSP

F S

w



CHAPTER VII -~ UNIT PROCESSES FOR TREATMENT OF DOMESTIC

7.
8.
9.

Control Devic